A study of patients with lesions in certain parts of the forebrain has given us evidence that these parts are important for the control of micturition and defecation. The clinical picture associated with these lesions will be described briefly and the evidence obtained from this study will be correlated with that of physiologists, who have investigated these parts of the brain in various animals.
The clinical picture is as follows. The earliest disturbance of micturition is usually urgency and increased frequency. When the effect of the lesion is more severe there may be incontinence of urine and even of feces. The feeling of gradual distension of the bladder giving rise to the desire to micturate is lost and so the only warning that the patient has that his bladder is full is the sensation associated with imminence of micturition. Less often, this sensation is also lost. There is also impairment of the ability to suppress reflex detrusor contraction. These disturbances of the normal functioning of the bladder lead to reduction in the functional capacity of the bladder. Less frequently, lesions in the same regions of the brain cause retention of urine.
The lesions causing these disorders of micturition are in the anterior part of the frontal lobe near the midline, the anterior part of the cingulate gyrus or the rostral part of the hypothalamus.
We have studied 8 patients with tumours compressing the superior frontal gyrus or infiltrating the subjacent white matter, who showed the syndrome. The following is a typical case:
Case 1 A 60-year-old woman was admitted to hospital for the investigation of headaches. She had been incontinent of urine once or twice a day for the previous four months. She would have a sudden urge to micturate and, unless she did so at once, she wet herself. At other times she found herself wet without knowing that her bladder was full or even that she was passing urine. Her neurological signs were minimal. Carotid angiography indicated a left frontal tumour. At operation a meningioma was removed which had been compressing the anterior part of her left frontal lobe near the midline. She was never incontinent again after the removal of the tumour.
The second area that is important for the control of micturition is that part of the cingulate gyrus above the genu of the corpus callosum. We have seen two patients in whom aneurysms ruptured into this gyrus:
Case 2 A woman, aged 40, who had previously had a craniotomy for the removal of a right frontal meningioma. Five weeks after this operation she had a hemorrhage from the rupture of an aneurysm which had developed in the tumour bed. The craniotomy was reopened and a small hwematoma was evacuated from the cingulate gyrus; the aneurysm was clipped. After the hemorrhage from the aneurysm this patient had been incontinent of urine once and then had retention of urine. After the operation in which the aneurysm was clipped the patient was incontinent for two days; after that time she regained normal control of micturition. A cystometrogram carried out before the operation for the aneurysm when she had retention showed that she could hold a large volume of urine without any feeling of distension or desire to micturate.
A week after the second craniotomy, when she was micturating normally, cystometry was repeated; it had returned to normal.
As the part of the frontal lobe involved by the lesions is the part that is selectively destroyed during certain leucotomy operations we examined such cases to see if a similar explanation holds for the incontinence that so often follows this operation. In these patients the incontinence has always been attributed to inattention and to an indifference to social convention. However, the mental state of the patients does not always account for the disturbance of micturition, as they may be very distressed by it. When we investigated leucotomized patients by cystometry we found the same clinical picture as in the tumour cases. Two groups ofpatients were investigated: one group had the Lyerly-Poppen operation and were under the care of Mr J E A O'Connell at St Bartholomew's Hospital; the other group had the standard Freeman and Watts operation at the National Hospital for Nervous Diseases. In the first group, a 3 cm wide incision was made through the white matter in the coronal plane near the tips of the frontal horns of the lateral ventricles. In the second group, all the white matter was divided in the frontal lobes in a plane just behind that of the first group.
Three-quarters of all patients having the Lyerly-Poppen operation were incontinent for a few days; only a few of them were confused, and always for less than forty-eight hours. Cystometrograms were performed before and after operation. All the cystometrograms were normal before operation. Afterwards there was no feeling of distension of the bladder and the patients were unable to inhibit spontaneous detrusor activity; this resulted in reduction of the bladder capacity. It was also found that those patients who were not incontinent after the operation showed similar changes in the cystometrograms.
The Freeman and Watts operation is followed by transient incontinence and a mild confusional state. But the confusion may pass and the incontinence persist. For instance, one patient was examined who, six years after the operation, still had such extreme frequency and urgency that she would be incontinent.
Anterior cingulectomy, another surgical procedure for mental illness, is also followed by temporary incontinence, although these patients are not confused. The evidence we have obtained from the leucotomy cases suggests that the mass of nerve fibres in the frontal lobes of importance for micturition is in the superomedial quadrant. This area is between the superior frontal and cingulate gyri. The third part of the rostral part of the brain that is important for the control of micturition is that region where the neopallium joins the hypothalamus. The nuclei of the septum and certain hypothalamic nuclei are of importance for micturition. Their function can be impaired by subarachnoid haemorrhage and less often by expanding lesions. Two cases are briefly related here, both of rupture of aneurysms affecting this part of the brain: Case 3 A 55-year-old woman bled from an aneurysm of the anterior communicating artery. The aneurysm is shown in Fig 1. A frontal craniotomy was performed and the abnormal vessel was clipped at its neck. The patient was incontinent of urine for the next two weeks and was much distressed by this complication, as she knew that it prevented her from leaving hospital. She did not know when her bladder was filling and she only experienced discomfort when micturition was imminent; unless she arrived at the lavatory in time she wet herself. Two weeks later when normal bladder sensation returned she regained control.
Case 4 A 38-year-old man bled from a similar aneurysm. When he was admitted to hospital thirtysix hours after the onset of the bleeding, his bladder was found to be very distended as he had been unable to pass urine since the onset. He felt no discomfort with this distension. Angiography showed an aneurysm at the junction of the left anterior cerebral and anterior communicating artery. A craniotomy was performed and the aneurysm was obliterated. His retention of urine persisted for a week after the operation. Cystometry performed before the craniotomy showed that the patient could hold a large volume of urine in his bladder without any feeling of fullness. He was unable to raise the pressure in the bladder or to initiate a micturition reflex. When he was again able to pass urine he regained the normal sensations accompanying bladder filling.
Lesions in the regions of the lamina terminalis may lead to sexual as well as to urinary incontinence.
Case 5 A 48-year-old woman was admitted to hospital with failing vision. For three months she had had severe urgency of micturition, never daring to leave her home without a number of pennies; she could never be far from a public lavatory. She began to wet the bed when asleep and later to be incontinent in the day time. In this three-month period her libido became very strong and she was always asking her 67-year-old husband for intercourse; this, and the incontinence, compelled him to sleep in a separate bed. On examination she was found to be slightly euphoric. The right eye was blind and there was a temporal hemianopia in the left. Whilst awaiting operation she was incontinent every two hours; she denied experiencing any warning that her bladder was full. She would ask her brother-in-law and other inappropriate men for intercourse in the ward. A cystometrogram was carried out: when the bladder contained 200 ml of water there were frequent detrusor waves which the patient could barely suppress and which were painful. At operation a chiasmal cyst was seen stretching the optic nerves and elevating the septal region and the anterior hypothalamus. The cyst was evacuated. After the operation the patient's libido returned to usual proportions. She was incontinent of urine only once more, on the night of the operation. The cystometrogram performed two weeks after the operation was normal. Both cystometrograms are shown in In all these cases there are lesions affecting the superior frontal gyrus, the anterior part of the cingulate gyrus, the white matter between these gyri, or the septal-hypothalamic region.
Physiological Evidence
We will now describe briefly the experimental work on animals which relates bladder function to the parts of the brain we have been considering. Fig 3 shows the region of the human brain where the forebrain meets the hypothalamus. The septal area and the main structures of the hypothalamus lie lateral to this section. The cross-hatched zones overlie the septal area, the lamina terminalis, the supra-optic nuclei and the basal part of the hypothalamus. The septal area contains the pre-optic nuclei.
The most important work on this subject comes from Hess and his colleagues. They implanted electrodes into the brains of cats which could be left in position for long periods; electric stimuli could be passed when the animal was fully conscious and living freely. When the septum pellucidum, the pre-optic nuclei and the anterior part of the hypothalamus were stimulated, the cats would search for a suitable place, scratch the ground, adopt the posture of the body usual for micturition or def=cation. It has been known for many years that decorticate cats and dogs (that is, animals in which the cerebral cortex has been removed, leaving intact the basal ganglia, thalamus and hypothalamus) will take up the position natural to their species and then micturate or deftcate normally. All this evidence shows that the total act of micturition in these species is organized in the pre-optic and hypothalamic areas.
The hypothalamus organizes the total acts of micturition and defecation. We believe that those cortical areas we have indicated, by controlling the septal and hypothalamic nuclei, integrate micturition and deftcation into our normal daily activities within our environment.
